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Abstract
In spite of numerous, substantial advances in equine reproduction, many stages of embryonic and fetal morphological development
are poorly understood, with no apparent single source of comprehensive information. Hence, the objective of the present study was to
provide a complete macroscopic and microscopic description of the equine embryo/fetus at various gestational ages. Thirty-four
embryos/fetuses were aged based on their crown rump length (CRL), and submitted to macroscopic description, biometry, light and
scanning microscopy, as well as the alizarin technique. All observed developmental changes were chronologically ordered and
described. As examples of the main observed features, an accentuated cervical curvature was observed upon macroscopic examination
in all specimens. In the nervous system, the encephalic fourth ventricle and the encephalic vesicles forebrain, midbrain, and hindbrain,
were visualized from Day 19 (ovulation Day 0). The thoracic and pelvic limbs were also visualized; their extremities gave rise to the
oof during development from Day 27. Development of other structures such as pigmented optical vesicle, liver, tail, cardiac area, lungs,
nd dermal vascularization started on Days 25, 25, 19, 19, 34, and 35, respectively. Light and scanning microscopy facilitated detailed
xaminations of several organs, e.g., heart, kidneys, lungs, and intestine, whereas the alizarin technique enabled visualization of
ssification. Observations in this study contributed to the knowledge regarding equine embryogenesis, and included much detailed data
rom many specimens collected over a long developmental interval.
2011 Elsevier Inc.
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Open access under the Elsevier OA license. 1. Introduction
The initial stages of equine development occur into
the oviduct, where the fertilized egg undergoes sym-
metrical cleavages to form a compact morula, followed
* Corresponding author. Tel.: 55 19 35654092.
E-mail address: luciano.vetmed@usp.br (L.A. Silva)
093-691X © 2011 Elsevier Inc.
oi:10.1016/j.theriogenology.2011.04.014
Open access under the Elsevier OA license. by formation of a blastocyst [1,2]. At approximately
Day 5.5 (ovulation  Day 0), the embryo enters the
uterus and begins to move freely throughout the uterine
lumen for approximately 10 d, followed by fixation in
the posterior segment of a uterine horn at approxi-
mately Day 16 [3,4]. From this stage on, and during the
next 60 to 70 d, the conceptus undergoes a series of
morphological changes, including formation of a dif-
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bryogenesis, and organogenesis [5–7].
In spite of recent advances in equine reproduction,
many stages of embryonic and fetal development re-
main poorly understood. A classical study described an
embryo obtained 3 weeks after estrus [8]; however,
since estrus lasts up to 7 d in mares, the actual age of
this embryo was unknown. Another study described a
donkey embryo 1.25 cm long, with an approximate age
of 30 d [9]. Limited and incomplete morphological de-
criptions of the equine conceptus were provided by a
tudy that spanned an interval from Day 20 to foaling
10]. Several studies focused on the structural description
f the placenta, without providing detailed information
egarding the embryo and fetus [11,12]. External aspects
f the equine embryo were described [13], whereas an-
ther study provided a detailed description of the equine
mbryo only until Day 20 [14]. Descriptions of the devel-
pment of specific systems have been published, includ-
ng cardiogenesis between Days 21 and 49 [15], and
evelopment and vascularization of the pineal gland [16].
n addition, macroscopic and microscopic morphological
escriptions of the equine embryo between Days 17 and
0 have been published [17].
In equids, the term embryo has been used to define the
ntire conceptus (fertilized ovum, cleavage stage, and em-
ryonic vesicle) or the embryo proper (the portion of the
onceptus that becomes the fetus). In the present report,
he term embryo will refer exclusively to the developing
mbryo proper (embryonic stage) until the fetal stage,
nless stated otherwise. Although agreement regarding
he use of the terms embryo and fetus in the horse is not
rm, in this report, based on a review of terminologies, the
ominal day of transition for the first use of the term fetus
ill be at Day 40, as previously defined [18].
The majority of published articles regarding equine
mbryology used divergent methodologies and criteria for
heir descriptions. Consequently, the data reported are
enerally restricted to specific stages, and are sometimes
ragmentary and incomplete, hampering establishment of
complete developmental description for this species.
herefore, the objective of the present study was to pro-
ide detailed macroscopic and microscopic descriptions of
he equine embryo/fetus between Days 15 and 107, en-
ompassing some stages covered by previous studies, but
sing uniform methodology for examination.
. Materials and methods
Uteri from 34 pregnant mares were randomly col-
ected at an abbatoir located near Pelotas, Rio arande do Sul, Brazil. All mares were adults, but
etails regarding their age and breed were unknown.
onceptuses (embryos or fetuses and their mem-
ranes) were carefully accessed by dorsal incision of
he uteri, starting from the cervix, to avoid rupturing
he membranes. Conceptuses were placed on a glass
late for analysis of physical characteristics, and
hen dissected.
.1. Gross morphology and biometry
External gross morphology of the embryo and fe-
uses (from Days 15 to 107) was carefully examined
sing a magnifying glass. Smaller embryos were eval-
ated under a stereomicroscope (Stemi DV4, Zeiss,
SA).
The crown rump length (CRL) of all embryos and
etuses, and the diameter of the embryonic vesicles,
ere measured using digital calipers to estimate their
ge in days. Measurements were performed between
he occipital and sacral extremities [13]. In addition, all
etuses were weighed using an analytical digital scale.
ictures were taken using a digital camera (MVC-
D500, Nikon, Tokyo, Japan) using a 100 mm macro
ens. All terminology used was in accordance with
revious reports [19,20].
.2. Alizarin technique
The alizarin technique was performed on one fetus,
sing modified methodology [21]. The CRL of this
etus was 7.0 cm, which corresponded to a gestational
ge of approximately 60 d [13]. First, the fetus was
xed in 10% formaldehyde. Then, internal organs, skin,
nd fat were removed, and the fetus was completely
mmersed in distilled water for 72 h (changed every
4 h). After 72 h, the fetus was immersed in a solution
ontaining 10 mg of Alcian blue corant, 80 mL of 95%
thanol, and 20 mL of glacial acetic acid, for 48 h at 4
C. The fetus was then placed in 95% ethanol for 3 d
changed daily). The fetus was rehydrated with sequen-
ial ethanol baths (90, 80, 70, 40, and 15%, and distilled
ater). After rehydration, the fetus was immersed in a
0% saturated sodium borate solution (100 mL) for 72,
hen it was transferred to 100 mL of 5% potassium
ydroxide in water with 5 mg of Alizarin Red for 5 h.
hereafter, it was transferred to a sequence of crescent
radient solutions of glycerin-water (1:3, 1:1, 3:1, re-
pectively). The fetus was washed in the glycerin-water
olutions, allowing it to sink to the bottom between
ach new solution. Finally, the fetus was transferred to
pure glycerin solution with timol crystals for analysisnd storage.
Fig. 1A and 1B. Characteristics of the gross morphology of 34 equine embryos/fetuses on Days 15 to 107 of pregnancy. Ages were estimated based on diameter of the embryonic vesicle (VE)
and crown rump length (CRL). Morphological features are presented by systems; the beginning of each line represents the first day of observation.
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Sixteen embryos (Days 24 to 39) were fixed in 3%
paraformaldehyde, 10% formaldehyde, or 10%
Bouin’s. Embryos were washed with phosphate-buff-
ered saline (PBS), dehydrated using ethanol, diapha-
nized in xylol, trimmed, and embedded in paraffin wax
(Histosec®, Merck—lot K91225309; Merck KGaA, Ja-
carepaguá, Rio de Janeiro, Brazil). Thin slices (5 m)
were sectioned from the paraffin blocks using an auto-
matic microtome (Leica, RM2165, USA), followed by
wax removal, rehydration, and staining with hematox-
ylin-eosin [22] before histological examination. A light
microscope (Nikon Eclipse E-800; Nikon, Tokyo, Ja-
pan) was used, with photographs recorded from se-
lected fields.
2.4. Scanning electron microscopy
Two Day 38 embryos were used for scanning elec-
tron microscopy. Immediately after collection, these
embryos were perfused using a fixation solution of
2.5% glutaraldehyde in PBS (Karnovisk solution 0.1
M, pH 7.4). One was used for superficial anatomical
scanning, whereas the other was sectioned in the medial
plane for scanning the internal organs.
Embryos were fixed for 24 h at 4 °C in Karnovisk
solution (2.5% glutaraldehyde in PBS, 0.1 M, pH 7.4).
Then, they were washed three times in PBS for 15 min
each. After this first fixation step, the embryos were
immersed in 1% osmium tetroxide in PBS. Then, sam-
ples were washed three times in PBS, followed by two
washed with distilled water for 15 min each. Then,
samples were immersed in 1% tannic acid in water at 4
°C for 1 h, and washed three times with distilled water
for 5 min each. After fixation, samples were dehydrated
using a sequence of increased gradient of ethanol so-
lutions in water (50, 70, and 90%) for 10 min, and four
times for 10 min in 100% ethanol. Then, samples were
completely dried using a Balzers vacuum system (CPD
020), placed on metallic support slides, and coated with
a layer of gold (Emitech K550; Emitech Ltd, Ashford,
Kent, England). An LEO 435 VO scanning electron
microscope (Leo Electron Microscopy Ltd, Cambridge,
England) was used to examine the samples.
3. Results
Macroscopic and microscopic findings from 34
equine embryos/fetuses (Days 15 to 107) are summa-
rized (Fig. 1, 2). Age estimations were performed ac-
cording to diameter of the embryonic vesicle and CRL[13,14]. The beginning of each colored bar represents
the date of the initial observation of the specific devel-
opmental aspect or characteristic. To facilitate interpre-
tation, findings were grouped by organ system. More
specific comments regarding principal findings are pre-
sented below, on the basis of technique of evaluation
and according to each respective developmental stage.
3.1. Gross morphology and biometry
3.1.1. Embryonic stage
Mesenchymal tissue was first observed in embryos
15 d old. Rudimentary optical vesicles were observed
on the cephalic region, in addition to primitive vesicles
of the central nervous system (Fig. 3A). Cartilaginous
tissues and the thoracic limbs were visualized in the
thorax, whereas pelvic limbs were oar-shaped (Fig.
3B).
Embryos had a translucent skin, which remained
unchanged until Day 35, when vascularization of the
dermis started. The somites and cartilage spots were
visualized and remained visible until the end of this
stage. The encephalic vesicles (forebrain, midbrain and
hindbrain) were present up to Day 39. A pigmented
optical vesicle was initially observed; the weakly pig-
mented optical placodium was first observed by Day
25, whereas pigmentation of the retina (Fig. 3C) was
observed on Day 38 (the esophagus and tongue were
also first observed at this time).
The spinal cord was present in the thoracic cavity from
Day 19. Formation of ribs was first visible at approxi-
mately Day 25, and completely visible by Day 37 (Fig.
3D). The diaphragm was identifiable on Day 36. The
cardiac prominence was observed from Day 19; the heart
was divided in two chambers by Day 28, and com-
pletely formed by Day 38. The lungs, trachea, and
thoracic esophagus were visualized beginning on Day
34. The olfactory lobe was evident by Day 30. In the
abdominal cavity, the liver was voluminous and oval,
and the genital tubercle was distinguishable by Day 25.
The tail began developing at Day 25. Thoracic and
pelvic limbs were initially observed as buds, but were
completely formed by Day 34. Formation of the hoof
was evident on Day 27 (Fig. 3D).
3.1.2. Fetal stage—after day 40
The macroscopic findings after Day 40, in chrono-
logical order, are listed (Fig. 1). At the beginning of this
stage, the protrusion of the neck and muzzle were
evident in the anterior region of the body. The auricular
protuberance was observed and the external ears were
beginning to form. Other structures observed at this
stage were: upper and lower lips, tongue, checks, tactile
Fig. 2. Characteristics (light and scanning electron microscopy) of 34 equine embryos on Days 15 to 40 of pregnancy. Ages were estimated based on diameter of the embryonic vesicle (VE)
and crown rump length (CRL). Morphological features are presented by systems; the beginning of each line represents the first day of observation.
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head (Fig. 3F).
The liver gradually reduced as a proportion of total
body size; concurrently, the abdominal area encom-
passing the umbilical cord increased. The ribs became
progressively prominent and some bones had ossifica-
tion (Fig. 4). The tail and anus were evident at this
stage. Although the genital tubercule was visible by
Day 25, gender was indistinguishable until after Day
47. The formation of the mammary gland started at
approximately Day 80 and was completely formed by
Fig. 3. Examples of lateral view photographs of equine embryos and fe
the following: A: Day 25 embryo. B: Day 30 embryo. C and D: Day 36
4th, brain 4th ventricle; ar, abdominal region; ba, branchial arches; cc
heart; li, liver; lm, limbs; m, midbrain; metr, metatarsaus region; mtr
optic vesicle with the retinal pigment epithelium; pel, pelvic limb; rb,
cord.Day 107. The limbs were well formed at this stage, withprominent joints and hooves. The tegument had a thick-
like appearance (Fig. 3G).
3.2. Microscopy
Microscopic examinations were performed only in
embryos. A chronological summary of the findings is
shown (Fig. 2).
3.2.1. Cardiovascular system
The heart was visible in embryos beginning on Day
24; the ventricle had a thick wall. The histological
ed for the gross morphology descriptions. The specimens presented are
s. E: Day 40 embryo. F: Day 54 fetus. G: Day 107 fetus. Bars  1 cm.
al curvature; ea, ear; f, forebrain; fr, femoral region; h, hindbrain; ht,
arpal region; na, nail apparatus; nr, neck region; oc, oral cavity; ov,
, somites; sr, scapular region; thl, thoracic limbs; tl, tail; uc, umbilicaltuses us
embryo
, cervic
, metac
ribs; smlayers of the heart wall, the epicardium, myocardium,
ius; rb,
826 A.L.R. Franciolli et al. / Theriogenology 76 (2011) 819–832and endocardium were already distinguishable at this
time. The ventricular cavity had numerous cardiomyo-
blasts, which clumped together to give rise to the tra-
becular formation. Formation of cords was also ob-
served at this stage (Fig. 5A and B).
The dorsal artery was observed at 26 d. Scanning
microscopy of embryos in the vitelinic-corioalantoic
stage revealed tendineae chordae in the ventricle (Fig.
6E), in addition to the presence of the bicuspid valve
(left atrioventricular valve), and the thick muscular wall
of the left ventricle (Fig. 6F).
3.2.2. Musculoskeletal system
Somites from embryos up to 35 d had some points of
differentiation to cartilagenous structures. These
somites preceded formation of future cartilagenous ver-
tebral bodies. Typical condrocytes and condroblasts
were visualized in the bud of the developing limbs and
also in some developing vertebrae. The formation of
hyalin cartilage was also observed at this time (pictures
not shown).
3.2.3. Respiratory system
In the present study, vestiges of lung tissue were not
Fig. 4. A Day 60 equine fetus subjected to the modified Alizarin tech
cev, cervical vertebrae; cov, coccygeal vertebrae; dp, distal phalan
metacarpal; n, nasal bone; o, occipital bone; p, parietal bone; ra, radobserved in embryos  25 d. Lungs originated from anevagination of the ventral wall of the primitive intestine
in its cranial part; its development started around the
fourth week of gestation (Fig. 5C). Lung tissue was
observed in 36- to 38-day-old embryos. Transition from
pseudoglandular to canalicular stages was observed at
this time; the lumen of bronchi and terminal bronchi-
oles become wider and the lung tissue become more
vascularized. Principal and secondary bronchi were tu-
bular structures, layered with columnar epithelium
(Fig. 5D). Some blood capillaries were also apparent,
but structures resembling alveoli were not seen at this
stage.
3.2.4. Digestive system
The formation of primitive intestine covered exter-
nally by an abundant mesenchyma was identified in a
25-day-old embryo. Upon histological examination, the
intestine was visualized in the form of abundant tubular
sections in the abdominal cavity (Fig. 5E). In 35-day-
old embryos, it was possible to distinguish layers of the
tongue (mucosa, muscular and connective tissues).
The liver with more than one lobe could not be
distinguished in any embryo. At 35 days, embryos had
Cartilage is light blue, whereas areas of ossification are dark purple.
emur; fb, frontal bone; m, mandibular bone; met, metatarsal; mt,
ribs; s, scapula; st, sternum; ti, tibia.nique.
x; f, fhepatoblasts, the precursor cells of hepatocytes, sur-
827A.L.R. Franciolli et al. / Theriogenology 76 (2011) 819–832rounded by erythroblasts, the precursor cells of eryth-
rocytes (Fig. 5F).
Intertwined cords of hepatic cells and small sinu-
soids containing blood cells were observed at 38
days. Embryonic development was accompanied by a
progressive organization of hepatocytes (i.e., distribu-
tion, size, and number), with development of central
veins (Fig. 5F).
Scanning electron microscopy facilitated visualiza-
tion of some structures and their syntopy with other
organs and structures. It was possible to identify the
oral cavity, the tongue and glottis, as well as the tubular
Fig. 5. Photomicrographs of the some internal organs of equine emb
Lung (36 d); E: Intestine (25 d); F: Liver (38 d).
bc, blood cells; c, cardiomioblastos; ep, epithelium; h, hepatocytes; l,
tissue; li, liver; lv, left ventricular; lv, lobular vein; mt, muscular tiss
rv, right ventricle; sb, secondary bronchi; vb, vertebral body.system that formed the respiratory (trachea) and diges-tive systems (e.g., esophagus; Fig. 6D). The liver, in-
testine, kidneys, and cecum were clearly visible in the
abdominal cavity (Fig. 6H).
3.2.5. Urogenital system
The urinary and genital systems are closely asso-
ciated during embryonic development. Primitive kid-
neys were visualized at 16 days, extending from the
medial region to the caudal end of the body. Kidneys
were composed of epithelial cells that formed a cubic
and simple epithelium (from which collector tubes
originated), with a brush-like border exposed to the
ng H&E staining. A and B: Heart (30 d); C: Thorax area (36 d); D:
, left atrium; lb, lobar branch; ch, cords of hepatocytes; ct, connective
primary bronchi; d, diaphragm; ec, endothelial cell; ra, right atrium;ryos usi
lung; la
ue; pb,lumen. The mesonephric tubes had a consistent
828 A.L.R. Franciolli et al. / Theriogenology 76 (2011) 819–832Fig. 6. Scanning electron micrographs from two 38-d old equine embryos showing external and internal structures. (A) External view of an entire
embryo. (B) Sphenoid bone, pituitary gland, and infundibulum. (C) Brain. (D) Oral cavity and thorax. (E) and (F) Heart. (G) Esophagus. (H)
Abdomen.
4th, 4th cerebral ventricle; Bb, bending brain; bv, bicuspid valve note; ba, branchial arches; c, cecum; cr, cephalic region; cb, cerebellum; cth,
chordae tendineae of the heart; cp, choroid plexus; e, esophagus; g, glottis; ht, heart; inf, infundibulum; int, intestinal; k, kidney; la, left atrium;
li, liver; mlv, muscular wall of the left ventricle; np, nasal pit; oc, oral cavity; pg, pituitary gland; smf, smooth muscle fibers; sm, somites; sb,
sphenoid bone; thl, thoracic limb; to, tongue; t, trachea; uc, umbilical cord; ys, yolk sac membrane.
829A.L.R. Franciolli et al. / Theriogenology 76 (2011) 819–832round shape, with cuboid epithelial cells, without the
brush aspect; they stained with hematoxylin due to
their basophilic content (not shown).
More specialized renal structures, e.g., proximal con-
voluted tubules, were observed at 19 to 25 days. These
tubules were characterized by microvilli in their lumen,
forming a brush-like border as well. Distal tubules, with
their simple cuboidal epithelium, were also observed. The
epithelial cells of the proximal tubules had a highly aci-
dophilic basal cytoplasm (stained pink with eosin). Cyto-
plasm of epithelial cells of distal tubules was less acido-
philic (stained blue with hematoxylin). Renal corpuscules
(glomeruli), covered externally by the Bowman capsule
(Fig. 7B), were also present. The vascular and urinary
Fig. 7. Photomicrographs of the some internal organs of equine embry
(25 d). (D) Optical area (26 d). (E) Choroid plexus in the brain (26
c, crystalline; cap, choroid plexus capillaries; ch, choroid; co, corne
muscle; ep, simple cuboidal epithelium; f, forebrain; fol, follicles; g, g
of Bowman’s capsule; pct, proximal convoluted tubule; r, retina; rpe,
leaflet of Bowman’s capsule; vh, vitreous humor; vp, vascular pole.poles of the glomeruli were evident. A mesenchymal layercovering the kidneys was also observed (not shown).
Capillary vessels containing erythrocytes were present in
the renal interstitial region, in addition to a dense macula
of dark color due to the proximity of the nuclei (not
shown). At this stage, the kidneys were considered
formed. The developing adrenal gland was observed in
two embryos (21 and 38 days); however, it was not pos-
sible to distinguish between medullar and cortical layers
(not shown).
The ovary, an ovoid structure cranial to the kidneys,
was visualized at 25 days. It contained primordial follicles
and unorganized primordial cells, with no apparent dis-
tinction between cortical and medullar layers (Fig. 7C).
Morphological descriptions regarding development of the
g H&E staining. (A) Abdomen (19 d). (B) Kidney (30 d). (C) Ovary
Forebrain (34 d). (G) Midbrain (34 d). (H) Hindbrain (34 d).
onjunctival sac; dct, distal convoluted tubule; em, extrinsic ocular
lus; h, hindbrain; k, kidney; li, liver; m, midbrain; pb, parietal leaflet
igment epithelium; up, urinary pole; vb, vertebral body; vbc, visceralos usin
d). (F)
a; cs, c
lomeru
retinal ptestes were not present, due to an absence of male embryos.
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The three encephalic vesicles, the forebrain, mid-
brain, and hindbrain, were visualized in this study
(Figs. 7F, 7G, and 7H). The spinal cord originated from
he caudal part of the neural tube and appeared as a
hick neuroepithelium. Just beneath this neuroepithe-
ium, a layer of smooth connective tissue was identi-
ed, forming the primitive meninges.
Scanning electromicroscopy from one 38 day em-
ryo allowed visualization of the pituitary gland. This
mall endocrine gland is located at the depression of the
phenoid bone that forms the roof of the oral cavity.
he gland was bound to the hypothalamus by a pedicle
Fig. 6B). The cerebellum and the choroid plexus were
lso seen with scanning microscopy. The choroid
lexus was formed by vascularized folds of the pia-
atter (Fig. 7E and 7C).
Primitive ocular globes were observed in embryos at
1 to 26 days. A cuboidal epithelium characteristic of the
ye lenses was identified. It was possible to identify the
egion of the vitreous humor (area between the retina and
rystalline) and the conjunctive sac. The cornea, the ex-
ernal membrane of the eye, was also identified and cov-
red the anterior part of the fibrous tunic of the ocular
lobe. The cornea was formed by an avascular tissue with
quamous simple epithelium; its basal membrane had a
tromal layer covered by endothelium (Fig. 7D).
. Discussion
Equine embryogenesis was characterized by a series
f changes, similar to those occurring during develop-
ent of other mammals [23,24]. In spite of many sim-
larities, there are species-specific differences, which
re important for establishment of anatomo-embryolog-
c-fetal standards for each species. In that regard, the
resent article provided a chronological and detailed
escription of development of the equine conceptus
etween Days 15 and 107, based on gross morphology,
istology, and ultra-structural studies.
Determination of gestational age was challenging,
ue to the unknown exact day of fertilization. There-
ore, the gestational age was determined as described
13,14], based on measurement of the diameter of the
mbryonic vesicle or CRL.
The translucid appearance of the tegument of equine
mbryos at Day 20 allowed visualization of internal
tructures and organs, as previously described in pony
mbryos [11]. In embryos  20 d, the optical vesicle
nd primitive CNS vesicles were present, as previously
escribed [25] for many mammals, and for 20 day pony ambryos [11]. At this stage, limb buds were still undif-
erentiated, as described [26].
The three cerebral vesicles were evident in embryos
rom 20 to 40 days. In ponies, these vesicles developed
p to Day 39 [11]. A cephalic prominence and an
ccentuated cervical curvature were described in hu-
an embryos from 30 to 40 days [27], similar to those
resent in 38 day equine embryos in the present study.
The optical vesicle was visualized on Day 25 em-
ryos in the present study, with complete formation of
he eyes, including the entire eyelid and retinal pigmen-
ation at approximately Day 38, consistent with a pre-
ious report of pigmentation of the eyes at 36 days in
quine embryos [13]. Also, at the same time, those
uthors mentioned formation of the digits, nares, and
coustic meatus. Differentiation of the nares and com-
lete formation of the equine eyes were described at 38
o 40 days [13]. In the present study, nares and the
nitial development of ear auricular were seen at 38
ays, similar to a previous report [26]. The projection
f the rostrum, seen as a facial prominence, was first
isualized at 36 days, as previously described [25].
A clear picture of the heart and liver in equine
mbryos at 37 days has been reported [11], similar to
he findings observed herein in embryos at 38 days. The
imbs were well developed and the hoof ungual devel-
ping were visible, as reported [26] and [17] in equine
mbryos at 35 to 40 days.
According to [28], eruption of tactile hairs in the
orsal lips was observed in embryos at stage 9 (corre-
ponding approximately to 30 days of age). This find-
ng was not observed in the present study in embryos
ith estimated ages  38 days; perhaps this was due to
nadequate age estimation in the first study, or individ-
al variations.
Cardiac chambers were observed histologically at 16
ays, similar to previous reports [27,29,30]. The initial
eptation of the atrioventricular channel was evident at
5 days, as described previously [30]. According to
hese authors, septation of the atrioventricular channel,
trium and ventricle started in the middle of the fourth
eek, and was completed at the end of the fifth week.
imilarly, complete cardiac septation was detected at
8 days, when cardiac valves were seen with scanning
icroscopy.
In cattle, condensation of the epithelial tissue was
vident by Day 37 [31], although similar changes were
nitially observed on Day 25 in the equine fetus. The
uthors suggested that embryos with similar ages may
resent variations in the development, with an early rise
nd development of somites. The somites forming car-
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were observed in 38 day equine embryos. These carti-
laginous templates were formed by aggregates of mes-
enchymal cells, which are subsequently replaced by
bone tissue [25].
Development of the lungs started during the fourth
week [30]. Nonetheless, in the present study, no trace
of lung tissue was observed before Day 25. At Day 36,
the developing lungs had no evidence of well defined
alveoli, although marked division of the bronchi was
present at Day 38.
Intestinal development is characterized by a fast
elongation of the primitive intestine and its mesentery,
resulting in formation of the primary intestinal and its
developing epithelium [30,32]. The intestine remains
open and connected to the vitelinic sac through a pedi-
cle [29]. In the present study, primitive intestine was
observed at Day 25. In human and Agouti paca em-
ryos, the esophagus was initially short, but promptly
ot longer as the heart moved down [27,33]. Similar
ndings were observed upon scanning microscopy ex-
mination of equine embryos with an estimated age of
8 days. The intestine was visualized as tubular sec-
ions covered internally by epithelial tissue.
In 19 and 25 day embryos, the kidneys, called me-
onephros or intermediate kidneys, contained multiple
ubular formations, as described [30]. Previous descrip-
ions of proximal and distal convoluted tubules
32,34,35] matched descriptions of mesonephric tu-
ules and ducts, respectively, in the present study. Sur-
ounding the kidneys and subsequently into the devel-
ping renal capsule, a mesenchymal layer was
bserved, as described by [36]. The aggregate of mes-
nchymal cells surrounded by blood cells and meso-
ephric tubules was called a glomerulus [35,36]. Dur-
ng the mesonephric stage in horse and small ruminant
mbryos, the renal calices are not yet formed, and the
apilar ducts drain directly into a unique pelvic duct
25]. However, in 36 to 38 day equine embryos, the
idneys were in a transition between mesonephron and
etanephron, with a visible differentiation between
edullar and cortical layers.
In bovine and bubaline embryos, the gonads were
dentified only by Day 40 [31,35]. However, in this
tudy, gonads were found in equine embryos  25
ays.
In all vertebrates, the embryological origin of ner-
ous system is similar (tubular and dorsal to the diges-
ive tube [37]). The embryonic origin of the optical
esicle is the diencephalon, which invaginates to form
he optic cup [38]. Some of these stages were observedn the present study, in embryos from 21 to 26 days. In
hese embryos, the three cerebral vesicles, the develop-
ng cerebellum and the choroid plexus were visualized,
imilar to descriptions in human embryos [39].
On Day 38, scanning microscopy revealed develop-
ent of the pituitary gland, the infundibulum and the
phenoid bone separating the gland from the oral cav-
ty. In another study [40], the pituitary was only ob-
erved on Days 41 and 45.
In a comparative study regarding development of
rgan systems in human and other mammals, [38] com-
lete development of the eye (including the lenses)
ccurred at 35 days. In the present study, complete
ormation of the eye, including the eyelid, occurred at
6 days.
After Day 40, the conceptus was referred to as fetus,
nd no morphological changes other than growth of the
lready formed organs and structures were observed.
owever, it had been previously reported that mam-
ary papilla were visible as pale spots beginning at
ay 55 of pregnancy [18]. Furthermore, equine fetuses
ad a prominent clitoris and well-defined scrotum at 75
o 80 days of pregnancy [13], similar to observations in
he present study.
At 98 days, the integument of pony fetuses became
paque due to progressive accumulation of collagen in
he dermis [11]. In the present study, similar changes
ere evident at 40 days, suggesting earlier develop-
ent of the dermis. At this stage, fetuses become more
ounded, due to development of skeletal muscles. With
he alizarin technique bone was visible as early as Day
0, and at Day 60, a few cartilaginous spots were still
resent.
In conclusion, this study provided a detailed, com-
rehensive description of macroscopic and microscopic
haracteristics of the equine embryo/fetus from 15 to
07 days of pregnancy. Using consistent methodolo-
ies, the present investigation is apparently the most
omprehensive single-source of characteristics of
quine development during this interval.
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